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RELATION OF T H E  WEATHER T O  T H E  YIELD OF WHEAT IN MANITOBA. 

By A. J. CONNOR. 

Dominion Meteorological Office, Toronto. 
[Extracts.] 

(Monthly Bulletin of Agricultural Statistics, Dominlon of Csnada, Ipril, 1918, pp. 115-125.) 

* * * “The plots [at tlie various esperimeiit sta- 
tions] are always as near to tlie meteorological instru- 
ments as is found feasible. Dates of sowing, ap earance 
above ground, stooling, stem roots, heading, &wering, 
milk-stn e, maturity, cutting, are carefully noted, as 

* * 8 “Some of tlie preliminary findings were as 
follows : 

“(1)  There a peared to be a relation between thelength 

pearance of the plants to hesding,. and the subsequent 
yield, the longer periods being positively related to the 
greater yields. 

* * * i‘It therefore ap ears that t,he true esplana- 
tion of the ‘critical perioR’ is as follows. If in t,he 
earlier stages of the wheat’s growth there be cool ancl 
rainy weather, the heading will be delayed and the 
subsequent yield will be heavy, but if the weather be 
warm ancl dry, heading will be hastened and the subse- 
quent yield will he light. * * * “ I n  regard to rainfall t.here appears that (1) 
the effect of the rainfall of the 30 cla s preceding sowing 

(2) in each of the 30 day perk& after sowing, and in all 
combinations of them, the effect of increased rainfall was 
to increase the yield, except,, perhaps, the fourth; (3) the 
rainfall of the third 30 days after sowing was the most 
potent in increasing the yield; (4) that the rainfall effect 
was cumulative, the correlation coefficient for the 130 
days being the largest. 

“ In  regard to mean daily range of temperature there 
appears (1) that in all the 30-clay periods succeeding 
sowing tlic coefficient was negative, indimtin that the 

in the 
case of the first period after sowing tlie coefficient iq 
negligible; (3’1 that in the case of tho tliirrl period the 
coefficient is largest, five and one-hdf times the prohablc 
error; (4) that any combinntion of other periods with 
the third produces a smaller coefficient than that for the 
third alone. 

minimum tem>erature, we 

fourth periods after sowing is zero; (2) in the second and 
third periods the coefficient is negative, indicating tlint 
the yield is increased by a lowered temperature: (3)  in 
the case of the third 30 clays after sowin-g, the coeficient is 
greatest; (4) conibiiiations of other periods with the third 
produce a smd1t.r coeflicient. 

* * * “From the rewlts so fur attaiiiecl it  is not 
educible that there is n critical period of short duration. 
The coefficients for the third 30 clays after sowing are the 
lfrrgest, but this division into 3O-clay >ericitls was arbitra- 

smaller period, if chosen, might not have revealed still 
lar er coeffichts. From the two sets of data, together, 

justification, that the fimt 90 days after sowing are very 
im ortant with regard to  moisture and coolness, but that 
orinarilp there is siifficient moisture in the soil in the first 
60 days for the young plants, and low enough ranges of 
temperature to prevent evaporation to a harmful estent. 

well as t a e average height of the plants every seven days. 

of the period P rom sowing to heading, or from the ap- 

had, in the long run, no effect u on t i e subsequent yield; 

yield was increwecl by a lowered range; (2) t i n t  f 

“In regard to mean dail 
have that (1) the effect o H this factor in t \ ie fimt rciicl 

nly chosen, and there is notliing to P A CIW that n larger or 

wit % out more detailed treatment, we may assert, with fair 

During the latter part of tlie 90-day period, however, 
there. will ordinarily obtain midsummer wreather with in- 
creased probability of heat and drought, qntl in this 
regard the Inst part of the 90 <la. after sowlng may be 
sttic1 to be a “ crit,ical period.” I E n  this “ cxitical ” time 
the weather be warm, clry, with great tem erature ran e, 

iiig will be postponecl ant1 tlie yield increased. Now, the 
average date of sowing OI wheat in Manitoba since 1890 is 
ti iprosimately April 25, which will fix the average time 
o!’ the “critical period” as the ltwt week of June and the 
first three weeks of July. Hence the variability of early 
J d y  weather may be regarded CIS the “critical factor” in 
wheat production in Manitoba. * * * “The three variables usetl were the rainfall, 
nienii h i l y  minimum temperature, and mean daily range 
of tcni >crat.urc., all for the third 30 ihys after sowin , and 

The minimum is slightly and the rainfall to a niuch greater 
degree correlated with the range, both negative1 
there is no relation between the mininium and t e rain. 
Since the rainfall is related positively and tlie other fac- 
tors negatively to the yielcl of wheat, the quotient 

the wheat laiits will head early and the R arvest will % e 
light, but i F the cool and moist conditions continue, heacl- 

it was ! ounil that thew are to some extent intercorre 7 ated. 

t 
should be related positively. The Rain 

Range x minimum 
plotting of these quotients against the yields led to the 
following cquation: 

If I‘ be tlie yield in bushels per acre, 
m tlie mean minimum temperature, 
p the total precipitation for 30 clays, 
r tlie nieaii daily range, 

*in? he (,in - 40), 
t.llm- ..__.. 

lO0Op >- = A34 ‘m- - log - ( 9 TiU’ 

If the mean daily temperature be denoted by ii, then the 

quantity ( 9 n - g )  may be written ( t -r) . ’  

PREDICTING MINIMUM TEMPERATURES1 

By J. WARREN SBIITH, Meteorolopt. 
[Wrather Bureau, Washlngton, D. C.] 

[Author’s ahstrwt.] 

A niatheniatical discussion of tlie relation between the 
relatire liumiclity in the late afternoon and the variation 
of the minimum temperature during tlie coming night 
from the af teriioon clewpoint temperature, when radia- 
tion conditions prerail. 

The study shows that there is a well-defined relation 
wliich can be espressed by tlie curve for a parabola. 
This curve can be constructed by tlie “star point” 
method of curve fitting instead of by tlie more tedious 
well-known least square method. 

1 It is probshle that closer approximation might. be obtained hy leastsquare treatment 
of I in-40) the ronstmt 40 being s k h t l v  chanmd 

I Presented before the Philosophid‘Soclet oi Washington Dee. 20 1919 and the 
American Meteorological Society. st. ~ o u i s  d e .  30, IDIS. TO be pubiished’in I ~ U  tn 
MONTHLY WEATHER REVIEW SWPPLEMENT’I~,  ID^. 
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The equation used is written v = 5 +by +cz. In  which 
v is the variation of the minimum temperature from the 
evening dewpoint; b is the evening relative humidity, 
and e is the square of the relative humidity; z, y, and z 
are the three unknowns, which are evaluated from three 
normal equations which are readily written by the star 
point mcthod, after the data have been properly chartsecl. 

The results arc remarkably accurate. The studies 
show that the minimum temperature can be closely 
predicted in the orchard at considerable distance from 
the observiiig . station; that the hygrometric observa- 
tions made at noon may be used quite as well in some 
instances as those made in tlie evenmg, and that the 
equation will sometimes apply as well to cloudy as to 
clear nights. 

DISCUSSION. 

Prof. H. J. Cos remarked that the cranberry marslies 
of Wisconsin showed extraorili~~arily low tempratures, 
considering the high humidities, u-Iiich conditioii he as- 
cribed to tlie shallowness of the inoist blanket of air. 

Proj. 1V. J. Hwrn.ph.rcys told of a case wliere, in order 
to protect his orcliard, a farmer had driven his cattle and 
horses hack and forth through the orchard, and the ani- 
mal heat was sufficient to protect the trees against frost. 
This has the double advantage of supplying lieat a t  mod- 
erate temperature in such a manner that it-will not rise 
quickly above the trees, and of stirring the au. 

FORECASTlNa FROSTS. 

By B. A. KEEN. 
[Discussed by J. Warren Smith. 

(Nature, Jan. 1.1920. p. 4 3 . )  

The author refers to different methods of frost protec- 
tion and minimuni temperature forecasting. Under 
frosts the writer says: 

Up to the present, no complete correlation has been made of frost in  
any articular locality and its causes. For this purpose an exam& 
-tion Ry statistical methods of a series of continuous ol~servations (of 
the autoniatic recording type) of meteorological factors is needed. The 
published papers deal usually with one factor. such rn dewpoint or 
air temperature, and the number of daily observations made is small. 
This is due. no doubt, to the necessity of keeping the cost of a ,paratus 
and working aa low as possihle for the eake of the growers. dowever, 
a general idea of the factors concerned can be obtained from a broad 
survey of the various papers. 

For several seasons the Weather Bureau ha.s been 
making a careful temperature and frost survey in the 
citrus district at  Poniona, Ca.lif., and the deciduous fluit 
orcharcis nenr E/iedford, Oreg. Very valualde data have 
been c.ollected on teinpcrnture differences as aff ec.ted by 
topography, temperature fluctuations as affected by 
w-iiid movement, chaiiges in the dewpoint during the 
night, radiation with and without a smoke or smudge 
cover, and the temperitture at  different elevations \vIien 
orchard heating is going on. large number of ther- 
mometers have beeii esposed and special long-range 
thermographs kept in use. The radiutioii observations 
have been made with special apparatus used by the Solar 
Radiation Division of the Bureau. The work is now 
uicler the direction of Mr. Floyd D. Young, and tlie 
results will soon appear in print (in Farniers' Bulletin 
1096). 

One important result has been to show that so-called 
smudges are of sinall value as compared wit,h t,lie dry- 
heat method of orchard heating. 

In connection with the forecasting roblem M i .  Keen 
refers to a study by Hellman on the e fF ect of an overcast 
sky on air t,emperatures near the ground. (Preuss. 
Akad. Wiss., Berlin, 35, 1918, p. 806); on various methods 
of predicting the minimum temperatures on radiation 
nights by Smith (ZT. S. MOXTIILY WEATIIER REVIEW 42, 
1914, 573; 4, 1017, p. 403) and some observations by 
Franklin on the cooling of the soil at  night, with s ecial 
reference to 1at.e spring frosts. (Proc. ~ o g t ~ .  ~ o c . ,  E&., 
39, 1919, p. 120.) 

The credit given J. Warren Smit,h in originating the 
median-hour method of predicting minimum tenipera- 
tures should be only in the application of the idea which 
was first noticed by the writ.er in an art,icle by E. A. 
Beals. 

Referring to the study by T. B. Franklin, the writer 
says : 
"As a result of obseryations of temperat.ures i n  the air, on the soil, 

and a t  a depth of 4 inches. Franklin concludes tha.t a prediction of 
frost depends on nssewing the value of: (,1) Average relative humidity 
during the night; (2 )  t.he temperature of a given depth (4 inches) at 
the t.ime of surface minimum t.emperat,ure; ( 3 )  the conrlurt.i>4ts of the 
laver between the assigned depth and t.he surface; and (4) the difrerence 
b6tween t.he surface-Roil minimum and t,hat. of the sir above it. These 
determinatioiis are necessary because: f 1 )  The mdiation from the eoil 
on calm, clear nights is a function of the relative humidity (A. Ang- 
striim, Smithsonian Xsc.  Coll., 66 No. 3); (2) the radiation from the 
soil can be accounted for in balancing the upward conduction and 
the 1at.ent heat of freezing, t.he residue only cooling the soil; and (3) the 
temperature of the surface soil rapidly falls suficiently below the ten- 

ernt.ure of the &inch depth to make the conduction from this depth 
ealance t,he radiation; aft.er this the surface temperature falls no faster 
than that of the +inch depth." 

WlNTER INJURY OF FRUIT TREES. 

By JOSEPH ASKAMP. 

(Abstracted from Circ. 87, 12 p., illus., Purdne Univ. Agr. Expt. Sta., 1818.) 

The severe winter of 191i-lS has caused irreparable 
damage t.o t.housancls of peach a.nd apple orchards in 
Indiana.' The heavicst t.oll \YRS t,aken of the peaches, 
aniountin~ d l  t.he way froiii wry slight or no injury to 
t.he coniplete dest,ruction of entire orcliard tract.s. I t  
semis safe to say t,liat for t,he &ate as a whole t,he 
daniage has cut the bearing acreage of peaches at least 60 
per cent,. The niortdity among young each trees 

that in a short time normal product,ion should be restored. 
'*A part of the acretige where the injury was severe will 

p r c h  Ax not hc. planted again to peaches. This is as it  
should be for msny of these locations were not well adapt- 
ec1 to siicii ti tender fruit. while the tree3 in many sucli 
locatioiis were heretofore alde to survive tlie winters, the 
buds or hlossoms were niore comrnoiilg killed than in 
more fuvorable situations. * * * 

* * * "In the case of the apple, the young trees 
from 3 to 14 yeam old suffered the greatat injury. 

which had not yet borne fruit was small, 1 owever, so 

* * *  
1 Driring T?creinber aut1 Jmuar unusuallv severe weather revalled over the treater 

part oftliecoiintryeas! oftlie Roc!& Mountdm erperiall Intyie lenqth of tlmethatlow 
terniteratiires weremuintnined and thelareearhi involved Thecold weathercontinued 
into the tirst part of February In the northeast. 

In Illinois the temperature fell to -23' F. in lkemher and January nnd to -24' 
in Pelrrmry; .A record of -30" was reached in Indiana in Pecember -24' In Jan- 
uary. nnd -& in February. In Ohio the lowestre orted was-31"in heremberand 
--Yo in Janiiary and Fehruar The teinyeratiire re8 to from 40' to 42'balow zero F. 
atanamberof p ~ e s l a t h e p ~ ~ ~ i i d i s t r i c t s o t N e w  Yorkon DeeemberaO andto helm 
-30" diirinc both Janueryand February. (See YONTI~LY WEATHER REVIEW, Dee.. 
1916, 46: 5i0-5Eo )J. I+'. S 


